MAO-A-induced mitogenic signaling is mediated by reactive oxygen species, MMP-2, and the sphingolipid pathway.
The degradation of biogenic amines by monoamine oxidase A (MAO-A) generates reactive oxygen species (ROS) which participate in serotonin and tyramine signaling. This study aimed to investigate the role of ROS in the mitogenic signaling activated during tyramine and serotonin oxidation by MAO-A in smooth muscle cells (SMC). Incubation of SMC with serotonin or tyramine induced intracellular ROS generation, and a signaling cascade involving metalloproteases and the neutral sphingomyelinase-2 (nSMase2, the initial step of the sphingolipid pathway), ERK1/2 phosphorylation, and DNA synthesis. Silencing MAO-A by siRNA, pharmacological MAO-A inhibitors (pargyline and Ro41-1049), and the antioxidant/ROS scavenger butylated hydroxytoluene (BHT) inhibited the signaling cascade, suggesting that ROS generated during tyramine oxidation by MAO-A are required. The MMP inhibitor Batimastat, MMP2-specific siRNA, and MMP2 deletion (MMP2(-/-) fibroblasts) blocked nSMase activation and SMC proliferation, suggesting a role for MMP2 in this signaling pathway. Silencing nSMase2 by siRNA did not inhibit ROS generation and MMP2 activation, but blocked SMC proliferation induced by tyramine, suggesting that nSMase2 is downstream MMP2. These findings demonstrate that H(2)O(2)-generated during tyramine oxidation by MAO-A triggers a stress-induced mitogenic signaling via the MMP2/sphingolipid pathway, which could participate in excessive remodeling and alteration of the vascular wall.